ABSTRACT Aim: This 2015 study was a part of the National Growth Survey of Children under seven years of age, which has been carried out in nine Chinese cities every 10 years since 1975. Our aim was to assess children's feeding practices and nutritional supplements.
INTRODUCTION
Early life nutrition is fundamental to children's growth and development. Malnutrition is a factor in 35% of deaths under five years of age. Improved breastfeeding has been shown to reduce infant mortality by 13%, and reasonable complementary feeding can reduce infant morbidity (1,2). The first two years of life are the most critical for growth, development and whole life health (3, 4) . For this reason, the World Health Organization (WHO) lists breastfeeding rates as one of its global nutrition targets and the Chinese government also lists it as part of the Chinese Child Development Outline (5, 6) . In 2010, the WHO and the United Nations Children's Fund assessed the feeding practices of infants and young children in 46 developing countries, but China was not included in the survey, despite being the most heavily populated country in the world (7) . This means that there are still a lack of international data on Chinese children's feeding practices.
However, feeding practices in China should improve as the social economic situation gets better and the international and national feeding recommendations are established and revised (8) (9) (10) . In addition, the population has become increasingly aware of what they should feed very young children over recent decades, especially in China's capital cities, where the children have relatively better nutrition and living conditions. As there are only a few regional or national surveys that were carried out 10 years ago (11, 12) , we need a new national survey to verify the implementation of the WHO feeding recommendations and to assess the existing problems with the present feeding situation in China. The aim of this survey was to explore the feeding practices of city children who enjoyed good living conditions in China. 
Key notes
This 2015 cross-sectional study formed part of a survey carried out in nine Chinese cities every 10 years since 1975. We assessed the feeding practices and nutritional supplements of 89 006 healthy children aged one month to 24 months during child health visits, using a questionnaire. The feeding practices of Chinese urban children were similar to those observed in developed countries, but a more rational consumption of nutritional supplements is needed.
MATERIALS AND METHODS

Study design
This survey was a part of the National Growth Survey of Children under seven years of age in the nine cities of China, which started in 1975 and has been carried out every 10 years (13) . In 2015, the fifth survey was carried out between August and October.
China is a country that spans large altitudes and longitudes, and there were various eating habits and feeding modes in different areas, so we choose nine cities that would cover almost all of these areas. The nine cities were Beijing, Ha'erbin, Xi'an, Wuhan, Nanjing, Shanghai, Fuzhou, Guangzhou and Kunming. The first three cities are located in the northern part of China, the middle three are in the central part, and the last three are in the eastern part. We used the stratified cluster sampling method to select subjects from each city. All children aged one to 24 months in the selected community who attended child health services between August and October were considered. The exclusion criteria were those who were born premature at less than 37 weeks, had a low birthweight of less than 2500 g, were not the product of singleton pregnancies and those suffering from chronic systemic disease or other diseases that influenced normal feeding. All the children from our selected communities received routine feeding and were representative of the feeding practices of city children in China.
The feeding patterns were divided into three types: exclusive or predominant breastfeeding were those who were exclusively breastfed and sometimes drank plain water, mixed feeding were those who received breast milk and formula, and formula feeding were those who only received formula.
Sample
The children were aged one to 24 months and divided into 12 age groups. In total, 89 006 children aged from one month to 24 months were included in this study: 44 897 were from urban areas, and 44 109 were from suburban areas. The urban-suburban division was according to the administrative regions of each city. The one-month age category included all infants from one month to one day less than two months, and the other 11 age groups followed the same pattern: at two months, three months, four months, five months, six months, eight months, 10, 12, 15, 18 and 21-24 months. Each age group contained at least 200 males and 200 females, and the sample size of each age group is shown in Table 1 , divided by urban and suburban children.
Data collection
All data were collected by recall interviews carried out face to face with the parents or caregivers of the children. The questionnaire covered the following factors: the parents' educational background, the family's annual income, feeding patterns, including breast milk, formula, cereals such as rice, porridge and wheat, cow's milk, water intake in the previous 24 hours and complementary foods, including proteins such as eggs, meat, fish and soy products. It also included fruit and vegetable intake during the previous seven days and all nutritional supplements consumed in the previous seven days, such as vitamins A and D, calcium, iron and zinc. We had one item for every kind of food and nutritional supplement, and there were two possible answers: they scored one if the child had consumed that item within a specified timescale, even if it was only one bite, and they scored zero if they had not consumed it during that period.
Ethical considerations
The survey received ethical approval from the Ethical Review Committee of the Capital Institute of Pediatrics, and all the investigators received research ethics training. Participation was voluntary, and informed consent was sought from all of the respondents.
Statistical analysis
We used SPSS version 16.0 software (SPSS Inc, Chicago, IL, USA) to analyse the data. The chi-square test was conducted to assess the differences in the parents' education and socio-economic backgrounds between urban and suburban areas. We calculated the percentage of children who ate specific foods at least once within our given timescale to estimate the children's feeding practices. Chisquare test was also used to analyse the differences in the percentages between urban and suburban areas. Results with p values of <0.05 were considered statistically significant. Probability unit regression was used to calculate when the children were weaned off breastfeeding and started receiving complementary foods, which were defined by the ages that gave an estimated probability of 50% for the event in the probity model. Table 2 shows the educational and socio-economic backgrounds of the families we surveyed. The majority of mothers-88.1% in urban areas and 65.5% in suburban areas-finished their high school education and 66.8% of urban mothers and 35.8% of suburban mothers attended university. The mothers' educational level and family income were significantly higher in urban areas than in suburban areas. As the educational and socio-economic backgrounds of parents can indirectly influence their feeding behaviour (14,15), we then explored and compared the children's feeding practices by urban and suburban areas.
RESULTS
Educational and socio-economic backgrounds
Feeding patterns
The breastfeeding rate, which included exclusive breastfeeding and mixed feeding, decreased as the children grew older. In the one-month group, 94% of mothers chose to breastfeed their babies, but this fell to just 51% when the children were 10-12 months of age and was just 5% among the age group of 21-24 months. The breastfeeding rate in suburban areas was slightly lower than that in urban areas, but there were no significant differences between them. The probability unit regression method showed that the weaning age was 9.4 months in urban areas and 9.3 months in suburban areas. We carried out a further analysis to examine the changes in the three feeding patterns in different age groups. Figure 1 shows that the highest rate of exclusive or predominant breastfeeding was about 60% at four months of age. By five months of age, the lines for exclusive or predominant breastfeeding and mixed feeding crossed ( Fig. 1) at 40%. The breastfeeding line then significantly decreased to 20% after six months, and the mixed feeding one increased to about 50% by six to eight months. At about the age of 10 months, the lines for mixed and formula feeding crossed (Fig. 1) at 45%. Mixed feeding decreased to 5% and formula feeding increased to 95% at two years of age. The feeding pattern trends were similar in suburban and urban areas.
In line with the WHO and national Chinese feeding recommendations, we further divided the children into three age groups: one to 5.9 months, six to 11.9 months and 12-24 months. Table 3 shows the proportions of the three feeding patterns in each age group. The rate of exclusive or predominant breastfeeding in infants under six months of age was 53%, and then, it decreased to below 20% after six months. In the age group of six to 11.9 months, mixed feeding became the major feeding pattern, accounting for about 50% of the participants. After one year of age, 80% of the children had been switched to formula feeding.
Complementary foods
Complementary foods included proteins such as eggs, meat, fish and soy products, cereals such as rice, porridge and wheat, vegetables and fruits. Table 4 shows the rates when the main kinds of complementary food were added in every age group. This shows that the complementary foods that were introduced first were cereals and fruit juice. The proportion of complementary foods that were introduced before the age of six months was 20% in suburban areas and 17% in urban areas. The first proteins to be introduced were eggs, with more than 55% of infants receiving them after six months of age and 90% after 12 months of age. Fish and meat were added later than eggs, with more than 50% of children receiving them by eight months. Bean products were the latest complementary food to be added, with 50% not receiving them until after 12 months. Rice flour was the first cereal to be added, with a feeding rate of more than 50% after five months. Porridge and wheat were added later than rice flour, with a rate of more than 50% after six months. After one year of age, the proportion of rice flour gradually decreased as the children switched to semi-solid or solid food like porridge or other wheat products. The rate at which vegetables were added was low before six months of age, but rapidly increased to more than 70% after eight months of age. Fruit was also low before four months of age, but gradually increased to more than 70% after six months. By the age of two, the feeding rates of all kinds of complementary food were between 90 and 98%, except for bean products. We also calculated the average age that every kind of complementary food was added using probability unit regression. As shown in Figure 2 , almost all complementary foods were added between the ages of five and eight months, which is a critical period for complementary foods. The bean products were the last complementary food to be added and these were consumed less frequently than other foods. There were no significant differences in the ages at which foods were added between urban and suburban areas.
Nutritional supplements
In Chinese children, the most frequent nutritional supplements were vitamins A and D, calcium, iron and zinc. Vitamin D was the most common supplement taken by children in our study and this ranged from 55% at one month of age to 84% at 24 months of age in urban areas and 34% to 74% in suburban areas at the same ages. The second most common supplement was vitamin A, with 31% and 52% of children receiving it in urban areas and 24% and 50% in suburban areas at one month of age and 24 months of age, respectively. As the children grew older, more of them received additional calcium products, with approximately 40% of children aged 12-24 months receiving them (Fig. 3) . The overall proportion of children receiving iron and zinc was relatively low, at below 15%. Figure 3 directly compares the trends in urban and suburban areas of the three most common nutritional supplements: vitamin A, vitamin D and calcium. Among infants aged two to 12 months, vitamin D plateaued at 80% in urban areas and was 10% to 20% lower in suburban areas in all age groups. Vitamin A decreased to below 40% in both areas after one year of age. Calcium gradually increased in both areas as the children grew older, reaching 20% at four months of age and about 40% in those aged eight to 24 months.
DISCUSSION
In the nine cities of China, the exclusive breastfeeding rate for children under six months of age was similar, or even higher, than European countries and America (16) . In our survey, the rate of exclusive or predominant breastfeeding rate was about 53% until six months of age. This fell to 31% when we excluded those who were predominantly breastfed, which was still higher than those in other Chinese surveys (17) and Asian surveys (18) . There have been some other reports on feeding practice in Chinese infants, and the exclusive breastfeeding rates in these studies ranged from 27% to 58% (19, 20) . This may have been due to the differences in the geographical areas and samples that were studied. Our sample was from nine Chinese capital cities, and the parents' educational and socio-economic backgrounds were relatively better than other areas. In addition, some breastfeeding surveys of multiethnic countries have showed that the breastfeeding rates of Asian populations were higher than other ethnic groups (21) . The decreasing trend of breastfeeding rate with age is similar in different countries. The results of this survey were similar to those of a 2008 U.S. national survey, which showed that the breastfeeding rate before four months of age was about 57% and gradually decreased to about 5% by 24 months of age (22) . More than half of the mothers added some formula to their child's diet instead of exclusive breastfeeding, especially after their child was five months of age, which was probably mainly due to the fact that they went back to work after the end of their maternity leave. In the past 10 years, the Chinese government has put forward policies to support working mothers who want to continue breastfeeding. Compared to 2005, the rates of breastfeeding in 2015 had improved with a longer duration for exclusive breastfeeding and a delayed weaning age. This was particularly evident in urban areas, where the breastfeeding rate for those under six months of age in 2015 was about 10% higher than that in 2005 (12) . In Chinese city children, the feeding pattern of complementary foods was roughly in line with the WHO recommendations (10), but some kinds of food were added earlier than recommended. Some infants were already receiving complementary food by three months of age. The average age when cereal products and juices were added was less than six months. Compared with the results of the 2005 survey (23), the situation with complementary food feeding has improved, with the added rates of complementary foods before four months of age all decreasing significantly. In 2005, the feeding rates of eggs, meat, soy products, grain and fruits before four months of age were 1.4%, 0.4%, 0.2%, 5.4% and 3.7%, respectively, while in 2015 they were all below 0.5%, except grains, which was about 2%. In addition, the feeding rates of complementary foods between four and six months also reduced, which may have been due to the modification of feeding recommendations (8, 10) . In the past 10 years, the higher proportion of breastfeeding and delayed age of complementary feeding may have resulted from national policy support, relevant academic guidelines and a range of educational programmes which made the WHO and national feeding recommendations more accessible and available to parents and caregivers.
In Chinese city children, the most common nutritional supplements were vitamins A and D, calcium, zinc and iron. Vitamin D topped the list, with more than 80% of children aged one to 12 months receiving it. The second most common one was vitamin A, with 40% to 50% of children receiving it. Similarly, the United States, Singapore and Taiwan recorded rates of 20% to 30% (24, 25) . The higher proportion of vitamin A and D consumption in China is related to the infant feeding guidelines from the Chinese National Nutrition Society, which state that Chinese children under two years of age should receive daily vitamin D supplements (26) . Considering that vitamin A can protect infants' respiratory and gastrointestinal mucosa, we commonly use a vitamin A and D mixture as a daily supplement. As vitamin D synthesis is closely related to sunlight, whether a country should recommend a daily supplement of vitamin D or not depends on the latitude and the intensity of sunshine in the country. Some Western countries also strongly suggest a daily routine of 400 IU of vitamin D in infants (27) , while some low-latitude countries do not suggest routine supplements (25) . Moreover, excessive calcium supplement is a common problem in Chinese infants. Generally, a daily intake of 500 ml of milk can provide enough calcium for children's growth and development, so there is no need to give them extra calcium products. We should strengthen education for healthcare Figure 2 The average added ages of every complementary food. Note: The ages noted in Figure 2 were the added ages of urban infants. There were no significant differences in added ages between urban and suburban areas. staff and caregivers to reduce unnecessary calcium consumption. The proportion of vitamin D use in suburban areas was significantly lower than that in urban areas, so we should also strengthen the advice on vitamin D supplements in suburban areas and maybe also in rural areas.
This study had a number of strengths and weaknesses. Firstly, this was a large descriptive study on early infant feeding and the use of nutritional supplements in China and filled a gap in the information currently available on this subject. The nine cities we selected were located in the northern, central and eastern parts of China, and this enabled us to compensate for the effect of the dietary differences in these cities in our results. Secondly, the study subjects were all city children and this meant that they represented good feeding practices in the Chinese population. However, a limitation was that these results may not reflect the general situation of rural children. Finally, this study was not a specific nutritional survey, as we only asked whether the children ate each kind of food within our given time frame or not. We did not consider the frequency and total amount of each food, which may affect the accuracy of the results.
CONCLUSION
The feeding practices of children aged one to 24 months in nine cities across China were similar to those in developed countries, but strategies are still needed to promote more rational consumption of nutritional supplements.
